spanning the known diversity of H. influenzae. Surprisingly, we found that the two isolates (H1 23 and H2) belonged to distantly related lineages, suggesting two independent transmission events 24 and ruling out a local outbreak. Despite being distantly related, H1 and H2 belong to two 25 different lineages that appear to engage in frequent horizontal gene transfer (HGT), suggesting 26 overlapping ecological niches. Together, our comparative genomic analysis supports a scenario in 27 which an f-type ancestor of H2 arrived in North America around 2011 and acquired an a-type 28 capsule by recombination (HGT) with a recent ancestor of H1. Therefore, as in other bacterial 29 pathogens, capsule switching by HGT may be an important evolutionary mechanism of vaccine 30 evasion in H. influenzae. 31
INTRODUCTION 50 51
Haemophilus influenzae is traditionally classified into encapsulated or unencapsulated 52 strains, with encapsulated strains being subdivided into serotypes (or types) a-f, each with a 53 distinct type of polysaccharide capsule. Type-b has long been associated with invasive disease 54 (Pittman, 1931) and has thus been a major vaccine target. Since the introduction of vaccine 55 against type-b H. influenzae, a dramatic decrease of severe cases has been observed (Peltola, 56 2000). However, this drop in severe type-b infections was followed by an increase of acute 57 infections caused by non-b-type (i.e. a, c, d, e, and f capsule types) and non-typeable 58 
Strain collection and patient characteristics 93
H.influenzae strains were isolated from blood culture of two unrelated individuals (Table 1) . 94
Patient #1 was an 11-month old female while Patient #2 was a 4-year-old male. They presented to 95 Rady Children's Hospital within one week of each other in January 2016. They were both treated 96 with antibiotics and were eventually cured with no apparent complications. Blood culture was H. 97 influenzae positive for both patients and showed that these strains were non-type b, but with an 98 encapsulated appearance. Both strains were sent to the United States Centers for Disease Control 99 and Prevention (CDC) for serotyping, which confirmed them both to be type a. Further patient 100 characteristics are given in Table 1 . Strains isolated from patients 1 and 2 were respectively 101 named H1 and H2 in this study. 102 103 
DNA extraction & sequencing 106
Haemophilus influenzae strains were cultured overnight on chocolate agar plates (Thermo Fischer 107 Sceintific) and DNA was extracted using the Bactozol DNA extraction kit (MRC inc.). Extracted 108 DNA was further purified using the PowerClean® Pro DNA Clean-Up Kit (MOBIO Laboratories 109
Inc.). Libraries were prepared using the Nextera XT kit (Illumina Inc.) following the standard 110
Illumina protocol and library size was confirmed at approximately 1000 bp with a Qiaxcel 111
Advanced System (QIAGEN). We performed paired end sequencing (2 x 300 bp) using the 112 Despite being phylogenetically unrelated, H1 and H2 were both isolated during the same week 167 from the same hospital. We thus hypothesized that they may have recently exchanged genes via 168
HGT. Using phylogenetic criteria to detect HGT (Methods) we did not identify any recent gene 169 transfers between H1 and H2 (Figure 1) . Rather, H1 and H2 had flexible gene profiles similar to 170 other genomes from their respective clades (Figure S1 ). Despite the lack of recent HGT between 171 H1 and H2, we did observe that HGTs were unevenly distributed between clades (chi-square = 172 163.46, df = 14, P < 2.2e-16) and that the two distantly related clades containing H1 and H2 173 (clades I and VI) engaged in particularly pervasive HGT (Figure 1) . These HGTs encode a mix 174 of virus-and plasmid-related functions, antibiotic resistance genes, and metabolic genes ( Table  175   S1 
Detailed phylogeny and HGT of the capsule locus 182
The presence of two a-type strains (H1 and H2) in two distantly-related clades lead us to 183 investigate in greater details the evolution of capsule locus genes. By manually inspecting 184 individual gene alignments at this locus, we found that H1 and H2 had identical or very similar 185 sequences spanning a ~5kb region encompassing most of the serotype-specific genes (Figure 2) . 186
These genetic similarities between H1 and H2 were not detected in the gene-by-gene analysis 187 (Figure 1) because of conflicting phylogenetic signals within genes (Figure 2) . NML_Hia1, 188
another a-type genome isolated in Canada in 2011, also shared a similar or identical sequence in 189 the serotype-specific region, suggesting that the putative recombination event in this region 190 occurred in 2011 or earlier, and that the sequence has subsequently accumulated relatively few 191 mutations. Upstream and downstream of the serotype-specific region, H2 was most similar to f8 type strains (Figure 2) . This suggests that an f-type ancestor of H2 acquired ~5kb of serotype-193 specific DNA from an a-type donor strain, resulting in a serotype switch. Thus, recent ancestors 194 of H1 and H2 engaged in HGT at the capsule locus. However, the H1 and H2 are non-identical, 195 notably in the acsC gene (6 substitutions over 2 400 bp) (Figure 2 H1 and H2 share a very similar capsule locus, particularly in the serotype-specific region. 215
Flanking the serotype-specific region and elsewhere in the genome, H2 is more similar to f-type 216 strains. Together, these observations point to a scenario in which an f-type ancestor of H2 arrived 217 in North America around 2011 and acquired an a-type capsule by recombination with a recent 218 ancestor of H1. We also note that H1 and H2 belong to two clades (VI and I, respectively) that 219 appear to engage in preferential HGT, possibly to cryptic niche overlap. Future work will be 220 needed to confirm and understand the reasons for this preferential genetic exchange. 221
That both H1 and H2 were isolated at the same place and time appears to be a 222 coincidence, but does suggest that these a-type strains are filling a vacant niche left by b-type9 strains targeted by current vaccines. Our results also indicate that vaccines need not select for 224 lineage replacement, but could allow multiple different lineages to adapt via acquisition of new 225 capsule loci by HGT. We show that such a scenario is plausible, but further analysis of larger 226 population genomic samples will be needed to assess the relative importance of lineage 227 replacement vs. capsule HGT in the evolutionary response of H. influenzae to vaccine pressure. clade"I" clade"VI"
